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ABSTRAK 
Kajian ini memperlihatkan pemodelan analisis unsur terhingga untuk mengkaji tingkah 
laku rasuk konkrit bertetulang luaran menggunakan Mengkuang Leaves-Epoxy 
Composite Plate (MLECP). ANSYS CivilFEM 12.0 digunakan dalam kajian ini. 
Objektif utama penyelidikan adalah mengkaji tingkah laku struktur rasuk konkrit 
bertetulang yang diperkukuh dengan MLECP di zon lenturan dari segi tingkah laku 
beban pesongan, corak retak, mod kegagalan dengan menggunakan analisis unsur 
terhingga dan mengesahkan hasil dengan keputusan eksperimen, selain itu, untuk 
menentukan kaedah pengukuhan berkesan di antara permukaan-wrap dan U-wrap. 
Sejumlah tiga (3) rasuk dengan dimensi lebar 100 mm, ketinggian 130 mm dan panjang 
1600 mm dimodelkan sebagai rasuk yang disokong hanya dalam tiga dimensi (3D). 
Rasuk itu dimodelkan secara simetrik. Dua jenis kaedah pengukuhan telah digunakan 
termasuk pengukuhan permukaan dan penguatan U-wrap. Kaedah penguatan U-wrap 
telah dimodelkan berdasarkan pengesahan rasuk kawalan dan kaedah penguatan balutan 
permukaan. Kaedah pengukuhan yang paling berkesan ditentukan dari proses analisis. 
Berdasarkan hasil analisis, semua rasuk gagal dalam ricih pada beban yang munasabah. 
Dengan membandingkan dengan rasuk kawalan, permukaan dan kaedah penguatan U-
wrap telah mengakibatkan peningkatan dalam kapasiti galas rasuk masing-masing 
sebanyak 10% dan 15%. Bagi pesongan, rasuk kawalan, U-wrap dan kaedah penguatan 
permukaan merekodkan penurunan nilai masing-masing iaitu 7.48 mm, 6.55 mm dan 
6.07 mm. Perbandingan antara keputusan berangka dan eksperimen menunjukkan 
bahawa perjanjian sebanding mengenai kelakuan pesongan beban dan persetujuan yang 
kuat pada corak retak. Kaedah penguatan yang paling berkesan ialah kaedah U-wrap. 
iv 
ABSTRACT 
The research presents a finite element analysis modelling to investigate the behaviour of 
reinforced concrete beam strengthened externally using Mengkuang Leaves-Epoxy 
Composite Plate (MLECP). ANSYS CivilFEM 12.0 is used in this research. The major 
objectives of the research are to study the structural behaviour of reinforced concrete 
beams strengthened with MLECP at the flexural zone in terms of load deflection 
behaviour, crack pattern, failure mode by using finite element analysis and validate the 
result with experimental result, besides, to determine the effective strengthening method 
between surface-wrap and U-wrap. A total of three (3) beams with dimension of 100 
mm width, 130 mm height and 1600 mm length were modelled as simply supported 
beams in three-dimensional (3D). The beams were modelled symmetrically. Two types 
of strengthening methods were used which included surface strengthening and U-wrap 
strengthening. U-wrap strengthening method was modelled based on validation of 
control beam and surface wrap strengthening method. The most effective strengthening 
method was determined from the numerical modelling. Based on the numerical result, 
all beams failed in shear at reasonable load. By comparing with the control beam, 
surface and U-wrap strengthening methods have resulted into an increment in the beam 
bearing capacity by 10% and 15%, respectively. As for the deflection, control beam, U-
wrap and surface strengthening method recorded decreasing in value which is 7.48 mm, 
6.55 mm and 6.07 mm, respectively. A comparison between the numerical and 
experimental results showed that a comparable agreement on the load deflection 
behaviour and strong agreement on the crack patterns. The most effective strengthening 
method is U-wrap method. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Research 
Finite element analysis (FEA) is originally developed for solving solid 
mechanics problems. In the field of civil engineering, FEA is usually used for structure 
analysis such as cantilever, bridge and reinforced concrete. ANSYS CivilFEM 12.0 is 
one of structural software which can be used to solve dynamic, linear and non-linear 
problems with various checking code.   
Nowadays, fibre-reinforced plastic (FRP) is commonly used as external 
strengthening material due its several benefits. FRP is the most economical choice 
given that reduced preparation and labor costs. FRP can usually be installed without 
taking the structure out of service, extremely high tensile strength, lightweight and user-
friendly installation. Potential natural fiber to be used as one of alternatives for 
strengthening is Mengkuang leaves. Mengkuang leaves or pandanus actrocarpus is 
widely used for craft industries in weaving for different products such as basket and mat 
because of its yield. Since mengkuang leaves are very common and can be easily 
obtained, improvement on mengkuang leaves will allow strengthening production to be 
expanded vastly and to be cost effectively due to the sustainable source in promoting 
the use of fiber plate in strengthening concrete structure.  
In addition, strengthening of the structures is in demand to increase the safety 
requirements, changing of social needs, more stringent design standards and the 
deterioration of existing reinforced concrete infrastructures especially beams, as the 
vital structure elements to withstand loads, laterally and vertically. External 
strengthening techniques retrofitted damaged structured by providing extra 
strengthening on it and lengthen the service period in an easy and convenient method. 
2 
Research using finite element analysis to determine the effects of mengkuang fiber in 
strengthening beam is not being found. Thus, the finite element software, will give 
different perspective regarding to this study. 
1.2 Problem Statement 
Over last decades, demand for applications of FRP is getting popular and widely 
in used for many production sectors.  As stated before, synthetic fibers as carbon and 
glass are used due to high strength-to-volume ratio, flexible and high stiffness (Dong et 
al, 2013). Despite of that, the ineffective cost for the production of synthetic fiber 
composite plates and the bad effect to health during its production are issues should be 
considered.  
 Nowadays, regarding to several studies and experiments, natural fibers are 
found as an attracting and potential materials to replace synthetic. Various types of 
natural fibers are tested to archive result on their mechanical properties. Among the 
natural fibers, kenaf fiber has higher tensile strength compared to other natural fibers 
(Ku et al., 2011). When high load bearing capacity is not required, natural fibers are 
preferred over synthetic fibers. To add, natural fibers are degradable, low cost in 
production and harmless to health. Mechanical properties of the matrices such as 
tensile, flexural will be increased with the use of natural fiber reinforcing in polymer 
(Yan et al., 2016). Therefore, the use of natural fibers will provide significant positive 
outcome besides decrease the content of polymer than neat polymer.  
Limited study on using mengkuang leaves epoxy composite plate for external 
strengthening. Only Foo (2016) conducted an experimental work on MLECP to study 
flexural strength of MLECP to gain strength result of mengkuang as strengthening 
material. Despite of that, further study should be taken to investigate the methods to 
improve the result of mengkuang fiber properties and mechanical properties of 
mengkuang fiber composite plate. To obtain this, finite element analysis was used to 
analyse its properties and validate results with the laboratory test. Finite element 
analysis can be used to predict outcomes using conditions without going through the 
laboratory testing. At the same time, there are advantages of doing laboratory test such 
as time consuming, costly materials and tedious procedure to get the data. 
70 
5.2 Recommendation 
There are a few precautions and improvements which have to be taken into 
consideration for further study in similar approach. The recommendations are stated as 
below: 
i. Strengthening method should be diversified and more methods should be 
considered in the study, e.g. numbers of layers, thickness, dimensions of 
MLECP attached on the beam. 
ii. Smaller steel reinforcement cross section can be used in future research in order 
to clearly obtain the behaviours of MELCP strengthening. 
iii. Analysis should be done using different FEA software such as ABAQUS for 
comparison purpose. 
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